Introduction {#Sec1}
============

At present, there is no generally accepted scoring protocol for the radiological evaluation of the quality of wrist or ankle fracture reduction and fixation, despite various angle and distance measurements described in the literature. According to AO recommendations, anatomical fracture reduction is desired for an optimal clinical outcome of intra-articular fractures of the extremities \[[@CR1]\]. For both ankle and wrist, there are also indications that anatomical fracture reduction gives a significantly better outcome \[[@CR2]--[@CR5]\]. Unfortunately, there is no consensus on which parameters predict symptomatic malunion and post-traumatic arthrosis most securely. Therefore, it remains unclear which criteria should be used to assess optimal fracture reduction and fixation.

For the wrist, the most common radiological parameters and their generally accepted thresholds for the reduction to be acceptable are radial shortening (\<5 mm), radial inclination (\>15°), sagittal tilt on lateral projection (between 15° dorsal tilt and 20° volar tilt), intra-articular step-off (\<2 mm) of the radiocarpal joint and articular incongruity (\<2 mm of the sigmoid notch of the distal radius) \[[@CR6]--[@CR9]\]. Various combinations and permutations of these indices have been converted into scoring systems \[[@CR10], [@CR11]\]. Most of these scoring systems lack clinical sensitivity, however, and are therefore used infrequently \[[@CR10]\]. Two exceptions are the anatomical radiological classification for distal radial fractures according to Lidström and the deformity scoring system according to Gartland and Werley \[[@CR12]--[@CR14]\]. The latter contains an objective component, consisting of radiological, clinical and functional assessment, as well as a subjective evaluation \[[@CR12]\]. Lidström's classification evaluates the wrist after a Colles' fracture and merely consists of the radiological assessment of dorsal angulation, radial length and radial inclination. The restoration of the anatomy of the distal radius is subsequently classified as a poor, fair, good or excellent result based on the aforementioned radiological measurements \[[@CR13]--[@CR15]\].

To assess fracture reduction of the ankle, different radiological evaluation methods are described in the literature. One of these methods is rank order analysis of the congruency, taking into consideration the entire fracture pattern \[[@CR16]\]. In some studies different aspects such as anatomical reduction of the tibial articular surface, joint congruency, talar shift, talar tilt or syndesmotic diastasis were subjectively scored from perfect to poor \[[@CR4], [@CR17], [@CR18]\]. Avodia et al. developed a classification method which included distance measurements of the malleoli and the tertius fragment, mortise widening, talar tilt and talar displacement \[[@CR19]\]. This classification was adjusted by Teeny et al. \[[@CR20], [@CR21]\] by assigning points to the different items, generating an overall score.

Evaluation of fracture reduction is confounded by the high interobserver variance, especially in the evaluation of plain radiographs \[[@CR6], [@CR15], [@CR20], [@CR22]\]. Grainger et al. \[[@CR23]\] showed interobserver agreement was higher for measurements of distances than for measurements of angles. In contrast, Kreder et al. demonstrated a particularly high interobserver variance for distance measurements of intra-articular step and gap. Because available evidence is scarce regarding which parameters of the anatomical reduction and fixation influence clinical outcome and inter-observer measurement variation is high, no internationally accepted criteria exist to judge the quality of fracture reduction and fixation. Currently the radiological evaluation of ankle and wrist fractures is based on the experience of the surgeon and/or radiologist and on their frame of reference. Well-defined criteria are fundamental to attain interobserver agreement and comparability between studies. The aim of this study was to obtain a practice-based consensus on the most important criteria for radiological evaluation of the fracture reduction and fixation of the wrist and ankle in the Netherlands.

Methods {#Sec2}
=======

The Delphi method, developed by the Rand Corporation, is considered an effective way to measure and obtain group consensus \[[@CR24]--[@CR27]\]. It is a structured, anonymous and repeated process requiring experts to respond to non-leading, unambiguous statements on items pertinent to the topic \[[@CR25]\]. To assess the level of agreement on useful criteria in the radiological evaluation of the ankle and wrist, a list of items was composed based on literature data and on the experience of the surgeons and radiologists. These items were divided into three main topics: (1) imaging technique, (2) evaluation of anatomical aspects of the operated joint, (3) fracture reduction and position of the fixation material.

Invited medical specialists {#Sec3}
---------------------------

In the daily routine of many hospitals, different disciplines are involved in the radiological evaluation of ankles and wrists in fracture surgery. In the Netherlands, both trauma and orthopaedic surgeons perform fracture surgery \[[@CR28]\]. In order to achieve a broad-based consensus, we approached 225 Dutch medical specialists, including 75 trauma surgeons, 80 orthopaedic surgeons and 70 radiologists. This sample was chosen from surgeons and radiologists working in university hospitals (8) and training and non-training hospitals (12). Because radiologists and surgeons in university hospitals have a super-specialisation, we only approached radiologists from university hospitals that had expertise in skeletal evaluation and surgeons with expertise in open reduction and internal fixation (ORIF) of fractures of the extremities. In the training and non-training hospitals, all radiologists, trauma surgeons and orthopaedic surgeons were invited to participate. The same specialists were invited to participate in the three Delphi rounds.

Delphi procedure {#Sec4}
----------------

Three Delphi rounds involving an online questionnaire were scheduled. The invitations, consisting of a statement to motivate participation in this study, an explanation of the Delphi procedure and a link to the URL of the online questionnaire, were sent by email. The private e-mail addresses were obtained from most specialists (*n* = 177). Other emails inviting participation were sent to the secretary of the particular department, who then forwarded the e-mail to the specialists. If the specialist did not reply, up to three reminders were sent every 2 weeks. The complete questionnaires, translated in English, can be found on the internet (online resources 1--3).

The first questionnaire consisted of two parts. The first part contained questions about the ankle, while the second part pertained to the wrist. The questionnaire included both multiple-choice and open questions about the aforementioned criteria. The imaging questions were intended to identify how often the imaging modalities and techniques were used by the respondents in case of a suspected fracture and after fracture surgery. In the open questions the specialists were asked to provide a top-six list of aspects of the joint which, in their opinion, required evaluation. In the remaining open questions, the respondents were given the opportunity to include remarks and suggestions for other criteria. Pictures of the different measurements were added for clarification.

The second questionnaire was constructed using the results of the first questionnaire, incorporating remarks and suggestions. As with the first questionnaire, this was a bipartite questionnaire with one section relating to the ankle and the other relating to the wrist. A histogram presenting the relevant results from the first questionnaire was included in the introduction of each question. Multiple-choice questions were used to ask about imaging techniques, the evaluation of the joint and reduction and fixation. Questions about the evaluation of aspects of the joint anatomy were divided into a main question about the importance of a particular aspect of the joint and a sub-question on how to evaluate this aspect.

The third questionnaire was fuelled by the results of the second questionnaire and consisted of questions on which no consensus was reached yet. These questions were posed in the same manner and same order as the second questionnaire. In the introduction the respondents were urged to reach agreement. If agreement on an item had been reached in the second questionnaire, this was reported and no new, similar question was posed.

Statistical analysis {#Sec5}
--------------------

The number of similar answers was divided by the number of respondents and expressed as a percentage. For the criteria concerning imaging technique and reduction and fixation, consensus was defined as an agreement of at least 90%. For the main evaluation of aspects of the anatomy, consensus was also defined as 90% agreement. Because there are different ways of assessing these aspects, a lower consensus was expected and therefore consensus on the sub-question on how to assess a particular anatomical aspect was defined as an agreement of at least 80%.

Results {#Sec6}
=======

Response rate {#Sec7}
-------------

The first Delphi round started in August 2007. There were 64 respondents (Table [1](#Tab1){ref-type="table"}). The experience as a specialist ranged from 0 years to more than 20 years, spread almost equally across five groups of years of experience (0--5; 5--10; 10--15;15--20; \>20 years). As summarized in Table [1](#Tab1){ref-type="table"}, 141 specialists did not respond to the questionnaire, giving no reason for non-participation. Specialists, who replied that they did not want to participate, were removed from our mailing list. Reasons given for not participating were the lack of relevance of the wrist or ankle to their field of interest or lack of time. In the reminders of the first Delphi round we included a small incentive to reply (a dinner cheque was to be raffled), but with little result.

The second round started in January 2008 and the third in May 2008, using the same mailing list as the first round. In these rounds, respectively, 72 and 62 specialists responded to our questionnaire. A total of 42 specialists completed all three questionnaires.

Agreement regarding radiological evaluation of the wrist {#Sec8}
--------------------------------------------------------

An overview of the consensus on radiological evaluation of the wrist is given in Table [2](#Tab2){ref-type="table"}. Posterior-Anterior (PA) radiographs and lateral radiographs are the required imaging techniques for the standard evaluation of the wrist. Consensus on these items was reached already in the second Delphi round. Although the majority of the respondents indicated that an oblique PA-view or a radiograph of the contralateral wrist is not required in the standard evaluation, this majority did not reach the 90% cut-off value. A small majority stated that both preoperative and postoperative CT scans are only required selectively. Reported indications for a preoperative CT scan included the need for greater insight into complicated intra-articular fractures or optimal operation planning. Indications for a postoperative CT scan included uncertainty about the fracture reduction or position of the fixation material.

For the evaluation of the wrist in general, no consensus could be reached on the necessity of measurements when assessing the anatomy of the wrist. The same held true for visual assessment. Consensus was already reached in the second Delphi round for all but one of the proposed evaluation criteria. Consensus could not be reached on the need to assess the relationship between the radius and the (meta)carpal bones, although there was 86% agreement on the importance of this aspect. In terms of the relationship between radial and ulnar length, it is interesting to note that consensus was only reached on the importance of measuring dorsal angulation. For other measurements associated with this criterion, such as ulnar variance, radial length and radial angulation, no consensus was reached. For carpal height ratio, carporadial distance ratio and carpo-ulnar distance there was consensus that these items are not required in the evaluation of the wrist. No consensus could be reached on measurement of the radioulnar distance, ulnar translocation and the scapholunar angle. The respondents indicated that all evaluation criteria could be assessed visually.

In terms of fracture reduction and position of fixation material in the wrist, consensus was only reached in the second Delphi round on the need to evaluate the absence of intra-articular steps, gaps and bone fragments. Only a minority of specialists believed it was necessary to assess the absence of these aspects if it existed extra-articular. Consensus was reached on the importance of evaluating the position of plates and screw length. Unexpectedly, agreement on the evaluation of the bicortical presence of screws dropped from 86% in the second round to 73% in the third Delphi round. Evaluation of the absence of protruding screws and/or K-wires was only considered relevant for intra-articular protrusion. However, no consensus could be reached on how to assess intra-articular protrusion, although 79% of the respondents agreed evaluation could be performed visually.

Agreement regarding radiological evaluation of the ankle {#Sec9}
--------------------------------------------------------

An overview of the consensus is given in Table [3](#Tab3){ref-type="table"}. In terms of the imaging techniques required for standard evaluation of the ankle, consensus was only reached on the standard use of the lateral radiograph (100%). Although the 90% cut-off was not reached for the importance of a mortise view (79%), it was preferred over an AP view, either an AP view or a mortise view, or both. A small majority (65%) preferred not to take radiographs of the contralateral ankle. For both the preoperative and postoperative CT scan, opinions were divided between no CT scans at all and selective CT scans. The indications mentioned here were the same as those given for the wrist.

In contrast with the evaluation of the wrist, there was 86% agreement that the general assessment of the ankle could be performed visually. A majority of the respondents (58%) considered that angle and distance measurements were not relevant to the general assessment. Consensus was already reached in the second Delphi round for all but one of the proposed evaluation criteria, namely the rotation of the talus (only 50% agreement). For the congruency of the joint and the symmetry of the joint space, there was even a consensus of 100%. Measurement of the distance between the tibia and fibula was not considered relevant, nor was the measurement of the talocrural angle to determine the length of the fibula. No consensus could be reached for the need to draw Shentons' line to determine joint congruency, to perform measurements of the width of the joint space or to measure the overlap of the tibia and fibula on a mortise projection. The respondents felt that all the evaluation criteria could be assessed visually, except for the rotation of the fibula. Although there was consensus on the importance of evaluating the rotation of the fibula, no consensus could be reached on how this should be carried out. Although a 68% majority believed that measurement of the proposed Axial Malleolar Index (AMI) was not necessary for the evaluation of the rotation of the fibula, 61% also stated visual assessment was not sufficient. No further suggestions were given, however, on how to evaluate this aspect.

The results of the evaluation of the fracture reduction and fixation material in the ankle were similar to those in the wrist. The only exception was that for the ankle there was a consensus of 92% on the importance of assessing the bicortical presence of screws and/or K-wires.

Discussion {#Sec10}
==========

In the three Delphi rounds, approximately one-third of the specialists responded. This appears to be a low response rate, although the actual number of respondents is considerable compared with other Delphi studies in which a maximum of 55 respondents were reported \[[@CR25], [@CR29], [@CR30]\]. Reasons for the low response rate could be the timing of the questionnaire (during the summer holidays); the inability to obtain all private email addresses and the difficulty senior specialists might have with using the internet. When we consider the reasons given for not participating in this consensus, it is unlikely that non-responders would have had significantly different opinions to those of the responders. In fact, those willing to participate have been shown to be representative of other colleagues in terms of qualifications, experience and speciality \[[@CR31]\]. Therefore, it can be assumed that the results of this Delphi consensus are representative of radiologists, orthopaedic surgeons and trauma surgeons in the Netherlands.

In this Delphi study, consensus was reached on how to evaluate fracture reduction and fixation of the wrist and the ankle. Consensus on which items not to evaluate was scarce. Although full consensus could not be attained, a high level of agreement was reached as to the evaluation of the anatomy of the wrist and ankle. In the evaluation of fracture reduction, intra-articular aspects were considered important for both the wrist and the ankle. The attained consensus is that fixation should be assessed using three of the five proposed criteria for the wrist and four of the five criteria proposed for the ankle. There was little increase in agreement after the second Delphi round and for some items consensus even decreased after the second Delphi round. This suggests that no further agreement would have been reached if more Delphi rounds would have been conducted.

However, this Delphi study also showed that opinions differ in the imaging techniques that are required in the evaluation of especially the ankle. Consensus was reached for only one out of eight imaging techniques for the ankle. The fact that the threshold of 90% agreement for consensus could not be reached for either an AP- or a mortise projection is remarkable. Although undesirable, it can be due to the fact that in Dutch clinical practice not always a clear distinction is being made between the mortise and AP projection. An AP projection of the ankle in Dutch guidelines is often described with 20° endorotation \[[@CR32]\]. Another explanation can possibly be found in a difference between the desired imaging strategy and practical limitations. In clinical practice it is not always possible to have an accurate mortise or AP projection due to the patient's inability to endorotate because of the injury. In these cases, the injury can usually be properly diagnosed based on the physical exam, even with a suboptimal mortise or AP projection.

For additional imaging like a CT-scan, opinions were ambivalent for both the wrist and the ankle. This may reflect the difference in imaging policy between different hospitals or even between different specialists within a hospital, despite recommendations given by the AO foundation for standard and additional imaging \[[@CR1]\]. Our results largely correspond with their recommendations for the standard imaging of the wrist, but not for the ankle.

All items concerning intra-articular fracture reduction and position of the fixation material were incorporated in the final consensus for both the ankle and the wrist. In concordance with the AO recommendations, respondents tended to consider extra-articular fracture reduction and position of the fixation material to be less important, but no consensus could be reached on any of these items \[[@CR1]\]. AO recommendations also make little mention of extra-articular fracture reduction other than to emphasise the need to strive for alignment.

Sometimes, conflicting answers arose due to the way in which the questions were phrased. There were questions on how to evaluate the aspects of the wrist or ankle anatomy. Respondents could choose to answer either 'yes' or 'no', but did not have to choose between the different evaluation methods. For example, in the evaluation of the relationship between the length of the radius and the ulna, respondents indicated that measurement of dorsal angulation was important, but they also reported that it could be assessed visually. In contrast, assessment of rotation of the fibula was considered important, but no consensus could be reached on how this should be evaluated. The majority of the specialists did not think this could be determined visually, nor did they think that it could be determined by measuring the axial malleolar index on a CT scan. In the third Delphi round, the respondents were asked to provide suggestions on how to evaluate the rotation, but none were given. As a result, it was not possible to propose a method to evaluate rotation of the fibula.

Traditionally, the various scoring systems available have been based on radiographic measurements \[[@CR3], [@CR4], [@CR6]--[@CR11], [@CR14], [@CR17]--[@CR19], [@CR22], [@CR33]\]. This is also true for the AO requirements for an acceptable fracture reduction of the wrist. These requirements are articular incongruity of less than 2 mm, radial shortening of less than 5 mm and residual dorsal tilt of less than 10°. For the ankle, one of the measurements mentioned is that of the talocrural angle \[[@CR1]\]. It is interesting to note that in our consensus, with the exception of dorsal tilt measurement, no consensus could be reached on the necessity of most measurements. Moreover, there was actually consensus that some measurements were not necessary when assessing the ankle and wrist. According to this consensus, most of the aspects of the wrist and ankle anatomy can be assessed visually. This view is in marked contrast to the evaluation of the anatomy as described in the literature, but better usable in clinical practice. In addition, our respondents considered more aspects important in the evaluation of the wrist and ankle than the aforementioned scoring systems do. This implies that these scoring systems, either evidence-based or expert-based, do not reflect routine radiological practice in the Netherlands. Therefore, we suggest a more practice-based scoring protocol in which the different items can be evaluated visually. A Delphi study involving international specialists will have to be performed to investigate whether the results of this Dutch Delphi study are also representative for other countries regarding their routine policies and radiological evaluation. Consensus on imaging policy and radiological assessment of the wrist and ankle is important for creating more uniformity in the standard care of fractures of the wrist and ankle, within and between countries.

Conclusion {#Sec11}
==========

By means of this Delphi study based on the clinical experience of specialists from different disciplines in the Netherlands, a broad consensus has been reached on how to evaluate wrist and ankle fracture reduction and fixation. In contrast with previous scoring systems, measurements do not take a prominent place in our findings[.]{.ul} Therefore, we suggest a more practice-based scoring protocol, based on this consensus, in which the different items can be evaluated visually. This scoring protocol can be used as an educational tool, but can also be used to increase uniformity in the radiological evaluation of the wrist and ankle in clinical practice.
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Appendix {#Sec12}
========

See Tables [1](#Tab1){ref-type="table"}, [2](#Tab2){ref-type="table"}, and [3](#Tab3){ref-type="table"}.Table 1Response rateDelphi roundResponse rate specialists (*n*)Trauma surgeonOrthopaedic surgeonRadiologistUnknown specialismDelivery failure^a^No participation^b^No responseTotal invitedI3418120146141225II332212528137219III321713013145211^a^Delivery failure was due to incorrect email addresses or full inboxes. Specialists received a reminder or the correct email address was obtained^b^Specialists who returned a mail to inform us they did not want to participate were removed from our mailing listTable 2Consensus regarding the radiological evaluation of the wristConsensus regarding the radiological evaluation of the wristRequired imaging technique• A PA-view• A lateral viewEvaluation of the anatomy• Congruency of the wrist -- Pay attention to width of joint spaces -- Pay attention to the symmetry of the joint spaces -- Pay attention to the configuration of the carpal bones -- Visual assessment• Relation between radius and ulna (ulnar variance) -- Measure dorsal angulation -- Visual assessment• Distance between the radius and the ulna at DRUJ -- Visual assessment• Position of the carpal bones -- Visual assessment• Relation between the carpal bones -- Visual assessmentFracture reduction & position of the fixation material• Absence of intra-articular bone fragments• Absence of intra-articular gaps• Absence of intra-articular steps• Position of fixation plate(s) -- Visual assessment• The length of screws and/or K-wires• Absence of intra-articular protruding screws/K-wiresThe dots indicate the items on which consensus (\>90% agreement) was reached. The lines indicate how to evaluate these items (\>80% agreement)Table 3Consensus regarding the radiological evaluation of the ankleConsensus regarding the radiological evaluation of the ankleRequired imaging technique• A mortise view\*• A lateral viewEvaluation of the anatomy• Congruency of the ankle -- Visual assessment• Symmetry of the joint space -- Visual assessment• Width of the joint space -- Visual assessment• Distance between the tibia and fibula at the syndesmosis -- Pay attention to lateralisation of the fibula -- Visual assessment• Length of the fibula -- Visual assessment• Rotation of the fibulaFracture reduction and position of the fixation material• Absence of intra-articular bone fragments• Absence of intra-articular gaps• Absence of intra-articular steps• Position of fixation plate(s)  -- Visual assessment• Position of the screws and/or K-wires in general• Bicortical presence of screws/K-wires• Absence of intra-articular protruding screws/K-wiresThe dots indicate the items on which consensus (\>90% agreement) was reached. The lines indicate how to evaluate these items (\>80% agreement)\* Only a 79% agreement was reached to perform a mortise-view, which did not reach the 90% threshold for consensus. Because the authors believe only a lateral projection for the evaluation of the ankle is not sufficient, as an exception this item was taken up in the consensus
